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CONFIGURATION FOR IRRADIANCE-BASED
CALIBRATION OF SIS(100)
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Solar Diffuser (SD)

Space grade Spectralon (PTFE) by Labshpere
[1.25° by 9.32° by .25 with round corners (R3.57)



MODIS POLARIZANCE
IS CHARACTERIZED WITH A
STAND-ALONE POLARIZER SUBSYSTEM m
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DATA ACQUIRED IN 2 FIELD POSITIONS

Field Pos 2 Field Pos 1

FILTERS VIS FILTERS SWIR/MWIR

DETECTORS
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Figure 4 illustrates the effect of polarization on the shape of band 8 relative spectral response.
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Figure 4. The simulated relative spectral response functions for case [
{unpolarized) and case I (polanzed).
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Blackbody Calibration Source ,‘4%
" BCS W

MODIS
Full Aperture

Lecs = WeieL (I, Tr1) + WeaeL(I , Tr2) + WezeL (I | Tr3)

BCS Trapezoid Configuration Achieves > 0.9998 Emissivity (From SBRS)
RADIOMETRIC 8
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R4.063 4X
— .50 \
8.625 |

12_CUIS

13X 1.37 13X—+—=3+—90

\\ /]
More than 90% of the reflected light N R

undergoes at least four specular
reflections to achieve > 0.992 emissivity

Dimensions: Inches
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DATA FORMAT ISSUE

e THEFIRST ARELAST and

THE LAST ARE FIRST

— SBRS detector numbering convention not consistent
with COTS Earth-mapping conventions

— L1A renumbersto COTS-friendly (pixel) order

— MCST characterization work done in SBRS (detector)
numbering conventions

— L-7 IR band (some channels) saturated for ~ half year
dueto thisissue

NOTE: All the MCST Look-up Tables (LUTS) are published in the
SBRS-detector numbering convention and this detector numbering
convention is inverted from the pixel convention used in the MODIS

Level-1 products. To investigate an “anomoly” in pixel 7 of Band 10

In L1 product, must look at characterization data for detector 3 of that
Band.




Detector Number Convention for
MODIS Sensor

LWIR (abbrievated)

Band 30 29 28 27 33 34 35
Scan 1 10 10 10 10 10 10 10
9 9 9 9 9 9 9 ‘
8 8 8 8 8 8 8
7 7 7 7 7 7 71 T
6 6 6 6 6 6 6
5 5 5 5 5 5 5
4 4 4 4 4 4 4
3 3 3 3 3 3 3
2 2 2 2 2 2 2
1 1 1 1 1 1 1
Scan 2 20 20 20 20 20 20 20
19 19 19 19 19 19 19 ‘
18 18 18 18 18 18 18
17 17 17 17 17 17 7] T
16 16 16 16 16 16 16
15 15 15 15 15 15 15
14 14 14 14 14 14 14
13 13 13 13 13 13 13
12 12 12 12 12 12 12
11 11 11 11 11 11 11

Above numbering convention is SBRS "detector” convention

The arrow shows the track direction, which is the direction of satellite motion.
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Pixel Numbering Convention for L1B Product

Below numbering convention is L1 Product "pixel'” numbering convention
LWIR (abbrievated)

Band 30 29 28 27 33 34 35
Scan 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 +
3 3 3 3 3 3 3
4 4 4 4 4 4 4 T
5 5 5 5 5 5 5
6 6 6 6 6 6 6
7 7 7 7 7 7 7
8 8 8 8 8 8 8
9 9 9 9 9 9 9

10 10 10 10 10 10 10
Scan 2 11 11 11 11 11 11 11
12 12 12 12 12 12 12
13 13 13 13 13 13 13
14 14 14 14 14 14 14
15 15 15 15 15 15 15
16 16 16 16 16 16 16
17 17 17 17 17 17 17
18 18 18 18 18 18 18
19 19 19 19 19 19 19
20 20 20 20 20 20 20
Charts showing the SBRS detector (previous chart) and L1 Product pixel (this chart)
numbering conventions for consecutive scans at a specific frame or location across scan line,
e.g. at nadir. The benefit of the L1 Product pixel convention is the logical progression

of samples for mapping software. Sample X from Scan Y is labeled as "X+10*(Y-1)"

4 ~-—

The arrow shows the track direction, whicHRABDe Qe &PMOE satellite motion. 12



What is Electronic Cross-talk

Readout integrating capacitor fails to return to baseline
voltage following signal reset

First realized nature of problem from RSR testing
— Actually “seen” as negative dns & sub-frame differences, B5-7

— Nearly impossible to detect when observing flat scenes; these
calibrations in error, but cannot detect that

Structured scene analysis in 1998 showed effects of 5-
10% or more in SWIR bands & several percent in 4-um
SST bands

Observed in both SW/MWIR and PV LWIR bands (5-7,
20-30)
Focus here on SW/MWIR bands (5-7, 20-26)
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Data-Space View
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Relative Spectral Response
RSR)
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Behavior of SWIR Signal wi
BCS Temperature
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Pre-launch Crosstalk Observation &
(Spatial/Spectra OOB Response Testing) “ "
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Principal Scan Angles Mapped to | A58
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MCST/Sun De-striping Algorithm

PHY SICAL ASSUMPTION: Image should be smooth
across channels in-track, at each AOI, for each mirror side

APPROACH: Uses Least Mean Square Method to
determine improved linear gains for each channel, and
Improved RV S at each AOI, each MS, starts with Scaled
Integer from product; best results when applied to scenes
that appear to have little to no geophysical structure

CONSTRAINT: Improved relative linear gainsand RVS
must be physically realistic, and best to be within
measurement uncertainty

Table on following page contains the pertubation values
for measured RVS and linear gains

RADIOMETRIC 24
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Figurel. Image of original 81 from L1B for Band 8.
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Figure 2. Image of 81 reproduced with new M7 and RFS from the same data
presented in Figure 1.
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Figure 3. Comparison of the original 51 directly from L1B and that reproduced with the new M and RVS. The images are taken from
lett side of Figure | and Figure 2.
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Figure 4. Comparison of the original SI directly from L1B and that reproduced with the new M7 and R¥S. The images are taken from
middle of Figure 1 and Figure 2.
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Figure 5. Comparison of the original 51 directly from L1B and that reproduced with the new M[ and BFS. The images are taken from
right side of Figure | and Figure 2.
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Conclusions. MCST/Sun Algorithm

Shows promise, but algorithm still in experimental stage

Applied only to Band 8 data so far

Does much better at beginning of scan than end of scan
— Such aresult may be expected from geophysical basis

Do not fully understand yet details of how to implement
this operationally in L1B, but would need to navigate
scenes by hand to determine improved RV S and linear
gains

MCST and users (Miami!) must work closely together to
sort out this approach as well as others; hopefully one will
be good enough to apply operationally in L1B product
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Radiometric Section 2



MODIS Electronic Block Diagram
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SAM PWR & RTNS REDUNDANT INTERFACE CONNECTORS
- CLOCKS (4) | M MM"XX"= FUNCTIONAL REFERENCES # HARDWARE DESIGNATORS & SIGNALS, EXCEPT BDU COMMANDS &
12 , PARAMETER BUS)
) < BIAS (10) TELEMETRY, (ONE SIDE ILLUSTRATED)
NIR (Si) FPA TEMP SENS CLOCK & BIAS Z -
- READ &
RTNS (4) -F-==-- - CLOCK I I
BAND  PIX Wy DATA L DATA MM 17/18
1 40 BAND 1 SIGS L |> MM 01/02 16 MM 03 u 24, FDDI 2 HIGH RATE SCIENCE DATA
2 40 > Ace - FORMAT ;'gﬁg;lég FORMATTERS (10.593 MHz DAY, 3.166 MHz NIGHT,
13,14 40 BAND 2 SIGS - CONTROLLER & DRIVERS 64 MHz CLOCK FREQUENCY,
1519 50 v | & CONTROL | (2 OF 4 NEEDED) CONTROL (REDUNDANT) Q )
BAND 13-19 SIGS = FORMAT ENGINE > 8, -
CMDS o (REDUNDANT)
—_— - |
T | Cls.us — —
’ — -
VIS (Si) FPA TEMP SENS | CLOCK & BIAS - TEST
TEST_X
BAND  PIX s | o mm - —— — —F—>
34 40 8 FPA SIGS CONNECTOR
812 50 SiGs »| AcE :[> siGs L -
cMDS
FORMATTER SERIAL IF 4 - —
2, 5 1 2 COMMAND & TELEMETRY BUS
RADIATIVE COOLER B SCAN 99 TETM e (MIL-S-1553)
FPANTR INDEX & SYNC RELAY CONTROL & 7 cgm\im:)&
SWIRIMWIR (PV HCT) FPA CLOCK,BIAS ENCODER SIGS| PROCESSORS 2
< CLKS, BIAS & TELEMETRY DIGITAL CONTROL 30 TIME MARK & FREQUENCY BUS
RTNS L &TELEMETRY _ <————]  (REDUNDANT) (RS-422)
BAND  PIX = TLMY
5.7 60 =:l> > FPA SIG
20.26 70 sies DIGITAL TELEMETRY — 1107 | XxAlLsélss 18
Sos | ACE [> = FPA SIG FIFO 14 TELEMETRY ~— BDU DISCRETE COMMANDS,
cMDS CLOCK | ANALOG TELEMETRY — 145/ mm!|  (REDUNDANT)
S
@— OG HTRS 1 — 18 ]
L TEMP SENS MASTER 3 BDU DISCRETE TELEMETRY,
LWIR (PV HCT) SCA CLOCK & BIAS FORMATTER 1 CLOCKS
CLKS, BIAS CLOCKS > 0
BAND  PIX NS L - — — — — — X MTf\IﬂNﬁ?,;/(l; 71 | BDUPASSIVE TEMPERATURE
2730 40 AEM CLOCKS 3 GENERASOR CALIBRATOR SURVIVAL; TELEMETRY
sies SERIAL I/F HEATERS 120v
> { ACE [> >-EPASIG 1 (REDUNDANT) iy ]
4 ~—
- FPAHTR CcMDS i
LWIR FPA > TEMP SENS T T -
SCAN b %}’ PS01/PS02 SPACECRAFT 120V BUS
CLKS,RESET FAM CLocK CAL ELEX P cLocKs, > P%ME'SS,;SSJ:NW
DC REST,RTN (e ] CLOCK ANALOG SIG RTN ( n SPACECRAFT 120V BUS RETURN
LWIR (PC HCT) DET CLAM i DIGITAL SIG RTN
MOTOR DRIVE RTN —
rPREANVE |
Bix PREAMP o POSTAMP 0.1 MuUx é:‘lgggg{ SAFETY GROUND
g 60 . o
31-36 L 7 [ ] } ADC (6) FPASIG sics i Z
CMDS CALIBRATORS-HEATERS-MECHANISMS
GTSEES¥F MM 09/10 I= CEO1 BLACKBODY HEATER
2 CALIBRATOR LM
ELECTRONICS - [CE03 SPECTRORADIOMETRIC
ACE = ANALOG CONTROL ELECTRONICS y | (NCLUDES LMY CALIBRATION ASSY INTERFACE CABLE SHIELDS
CLAM = COOLER LOCATED ANALOG MODULE POSITION (2) L REDUNDANCY) - CE07 SOLAR DIFFUSER GROUNDED VIA CONNECTOR SHELLS
(FUNCTIONALLY PART OF FAM) MOTOR WINDING MM 07/08  E— TLMV<_i STABILITY MONITOR
FAM = FORWARD VIEW ANALOG MODULE | __SELECT(3) g, SCANMIRROR
SAM = SPACE VIEW ANALOG MODULE WINDING SELECT (3, | CONTROLLERS cvps MM 11 TLMy<®—]__CE02 SOLAR DIFFUSER _|
; TEMPERATURE
POSITION (2 (REDUNDANT) m CONTROLLERS & [COLD FOCAL PLANE HEATERS]
TLMY’
| S -
~—{ (REDUNDANT) @ | COOLER OUTGAS HEATERS
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ADC List

ADC # [ADC Name |Bands
15 |PCB31(p) |31
16  |PCB31 (1)

17 |PCB32(p) |32
18 [PCB32 (1)

19 |PCB33(p) |33
20 [PCB33 (1)

21 |PCB34(p) [34
22 |PCB34 (1)

23 |PCB35(p) |35
24  |PCB35 (1)

25 |PCB36(p) |36
26 |PCB36 (1)

ADC # |ADC Name |Bands
1 VIS (p) 3,4, 8-12
2 VIS (1)

3 NIR1 (p) 1
4 NIR1 (r)
5 NIR2 (p) 2
6 NIR2 (r)
7 NIR3 (p) 13-19
8 NIR3 (r)
9 SMIRS (p) 5,6,7
10  |SMIRS5 (r)
11  [SMIR20 (p)  |20-26
12 |SMIR20 (r)
13 LWIR (p) 27-30
14 LWIR (r)

<

PV Bands ADC Conversion Time: 800 ns

PC Bands ADC Conversion Time: 15 us

L

p/r: primary/redundant




Component Level Testing "‘l%

e 16-bit DAC used as calibrator for the 12-bit ADC

e Minimum 2 DAC steps for each of the ADC DN step
(level)

* Averaging 200 - 400 samples per DAC step
 BFSL method used to fit the averaged ADC DN data set
-> |ntegral Non-linearity (INL)

 Notest for LWIR PC bands ADCs
* Periodic pattern observed
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On-orbit ADC Performance |’@

« MCST EV datahistogram for RSB and TEB
— Some periodic patterns observed

— PC bands (B31-36) show same channel dependent
structure

e B-side (day 313, 25 granules) and A-side
(day 77, 12 granules) show similar
histogram

>



A-Side

ADC Histogram
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A-Side

A0S Hl'stc:-grﬂm of Evernts s OmM For Hand 32
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A-Side

ADC Histogram of Events ws ON For
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Figure 1. Histogram of the occurrence of digital countsin Bands 20, 22
and 23 at Level 1a processing for one granule. Output from all channels
(detectors) are shown. (U. Miami/Minnett, et. al.
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Figure 4. Asfigure 1, but output from each channel (detector) shown separately.
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Minnett, et. al.
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Note: Model anticipates SW/MWIR detector roll-off at 4.7 pm
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Figure 2. PFM B8 <dng.> of Sub—-frame 1, 2, and thelr Difference
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MODI S Operational and Calibration
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RSB
SIS-100 Round Robin (RR)

SIS(100) was calibrated at SBRS for the RR in 1996
(PFM) and 1998 (FM1)

Due to burnout of the 45W bulbs, the PFM SIS(100)
calibration has not been RR validated

The 1998 data has been turned 1n for the RR and the
FM1 calibration will be RR validated when results are
published.

Preliminary results indicate consistency between NIST
standards and the SBRS SIS(100) scale at about 2-3%
for FM1 Testing

CAL-5



SBRS SIS(100) Radiance
as used for FM1
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Reflectance of MODIS Solar

Diffuser Material
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Spectralon, | =860 nm
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Pre-launch Crosstalk Observation
(Near Field Response Testing)

-

nfr. G806, mrrq smt Bond Chon

1DI:| =L N L L T T L T T L R i e L T B T R N O A L G T R T L O e =
= 1 umeE
= = n2? 5
- 5 mlRB 5
i m n2% 5
=l | u 30 5
0 5 oM 5
= = m i 3
[ 1 () s
L ] &4 =
i N3 5
1072 = = =3 5
é = =
3 = 3
E = —
= = -
1wt =
E i --J-‘Lir. II!Il 1 Ll E
e 2 r L] -]
it _Fy 0 @ LA :
1'D_5 o 0] S o F v g _:_I:. [ 0 i o=
= = ! ' M L ] [l [ W n =]
REL II = L Ho I g =
[ ! - I+All
a2 | 1 r\
210 240 280 280
SAMPLE e
09/ChA195%E 2120 e e m"‘
il 2 mpubiishad work: Wmmﬁm



Line Spread Function (LSF)
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Figure 5.5-1: Line Spread Functions for two identical bands located on
far-left and far-right of FPA
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Mormalized Response

PFM RESPONSE CONSIDERABLY
BETTER THAN EM

Comparison of Band 8 EM and PFM NFR
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MODIS POLARIZANCE

IS CHARACTERIZED WITH A
@ STAND-ALONE POLARIZER SUBSYSTEM m

RANTA RARRARA AESRARCH CENTER
-

) R -
APERTURE STOP —
& BAFFLE
g FOLARIFING
( _ PRISM

=S l|||  ——
p= .
\> é
SPHERICAL a
INTEGRATOR ————
SOURCE R e
MOTOR &
BEARIMNGS
o TO ROTATE COLLIMATING
f CYLINDER LENS
HEXAPOD
ADJUSTERS

= CYLINDER IS ROTATED 360 DEGREES & ™



DATA ACQUIRED IN 2 FIELD POSITIONS
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Dr_Ave Meos

MODIS RESPONSE TO FULLY POLARIZED BEAM
BANDS 3, 6 - 10, 14-17, 26 UAID 720, 721, ZERO
DEGREE AOI (Cont d)
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CURVE HIT EXTRACTS COS2qg COMPONENT
FROM SIGNAL OBSERVED
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RESULTS: VISMEASURED AND FIT
POLARIZATION FACTOR
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FPF_Maos

RESULTS: NIR MEASURED AND FI'T
POLARIZATION FACTOR
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REPEATABILITY ANALY SIS PERFORMED
ON EARLY DATA SETS

Pol. Factor

Band 11 Channel to Channel variation
(-45 scan angle)

0.014 1 —— 702.PF_Meas
—8— 702.PF_Fit
0.012 + —8— 704.PF_Meas
—0— 704.PF_Fit

0.01 +

0.008

0.006

0.004 -+

0.002 +

-0.002 +
Sigma 0.0007 (702)
-0.004 + 0.0003 (704)

-0.006 —
Channel

Pol. Factor

Band 13 Channel to Channel variation

0.018 7

0.016 7

0.014 +

0.012

0.01 +

0.008

0.006

0.004 +

0.002 +

(-45 scan angle)

—8— 702.PF_Meas
—8— 702.PF_Fit

—8— 704.PF_Meas
—0— 704.PF_Fit

Sigma 0.002 (702)
0.0003 (704)

2

4 6 8 10
Channel

« TWO DATA SETS, 702 AND 704 SEPARATED BY TWO DAYS

« ANALYSIS PERFORMED BY E. KNIGHT
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3.3.5. Waiver 055: Polarization —

Polarization Factor for the MODIS Bands
for Scan Angles of +45° #22.5° and 0"

0.08
*
0.07 +
0.06 T -
8 005 T
= -
w
L
[ - = b
2 004 T - - # Predicted (0°)
"
N -
-
S 0.03 ¢
£ == - - -
- - - - > = Specification E
0.02 * e —
*r o
- L 2 - -
0.01 4 s - et - =F
- - - : & [ - - - _ A%
0= o —n : = : :
L ] 10 15 20 25
Eand Loppnght © 1997
* Haghais At Ceimpatp
Mote: Low residual polarizathon desired for band 8, but not covered as a specification requirement Ganta Bactars famcte Sanurg

A gl wDiw R gl R



OFC DBSUSED IN PFM HAS MORE
POLARIZATION

o
PPook
OOOOO

5555555555
0000000000



Reflectance of MODIS Solar Diffuser

Materia

for Spectralon SRM-990

Reflectance
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FM1 SMWIR B5/B6 Operability B

Review of TV3 data uncovered non-responsive detectors on
band 6, and 1 non-responsive detector on band 5

Of 20 channels on Band 6, during TV3
- 6 are inoperable at 83K (channels 1,2,5,7,8,19)
- 2 additional channels are inoperable at 88K (channels 4,9)

- 3 additional channels are inoperable between 88K and 118K
(11,16,17)

Not present in TV2 test
No direct method of analyzing effects other than in TV

- Bands do not operate in ambient/bench test cooled
environment

Band evaluation occurs only in a radiatively-cooled
environment

Indirect method developed recently (DC restore
offsets/ECAL ramps) allows for operability assessment in
ambient environment



II_IIM Key Tasks In Process

m PFM —vs- FM1 —vs- FM2 design, manufacturing, testing
review

- Materials, processes, tests, test configurations, fabrication
history/performance, yields, major events during fabrication
and test cycle, personnel changes, equipment/facilities
changes, etc

- SWMIR FPA —vs- other Modis FPAs comparison
- Susceptibility to failure mode
B Process and production history review

— Other customers, performance history (before/after Modis),
process maturity

m Modis life/qualification test program review

- Sample/population size, tests performed/results, further test
requirements/needs

B Models/simulations
- Structural, thermal predictions, reliability analysis
m FM2 FPA reliability/performance/operability assessment

- Available data
EO8 A Reviow - Additional testing

111698 Se6s b3




FM1 SMWIR B5/B6 Operability

g Results to Date AN 2

m Anomaly most likely caused by deficiency of Indium bump
interface
Between the detector and readout chip
Electrical tests have supported this conclusion
- Manifestation of deficiency accelerated by thermal cycling

FM1 test history review shows onset at about thermal cycle #70 (vs a
150 cycle spec/expectation)

- Some evidence of stress relief is apparent
Phenomenon has been stable for 15+ thermal cycles

Exact cause would require a complete disassembly/destructive
diagnostic on the FPA

Studies must consider a number of possible causes, along with
associated reliability predictions

- To date, failure investigation results do not imply catastrophic
consequences for the FPA

- Results from planned analyses may give a more quantitative
risk assessment

m Effort being coordinated with NASA GSFC
- Impact to mission objectives

EOS-Aqus Rirvism - Long term stability of operational channels L agp e oy

1A SRla W



Solar Diffuser Stability Monitor /ﬁ
(SDSM) ‘i

Sun

Optional 8% transmission Screen

/.

Solar Diffuser
20.5 20.7° /



MODI S Operational and Calibration

390
380
370
360
350

HongCS 340
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T3i

315

260

Tmaxi
X

tMaxspec i
N

u}
T2i
<o

330
320
310
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290
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250
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230
220
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200
190
180

Cold BCS170

Ranges

" 1B21 Tmax @500K' U T Y31 32ni
® 4
x X
- ] x X
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Band Number

36 37 3839

Vertical bars represent temperatures of 0.3Ltyp and 0.9 Lmax. Box symbols represent
Tmax_spec, X symbols represent the value of Tmax_set (the higher of tMaxspec or 315K), and
the diamond symbols represent the temperature of Ltyp.



For FM1, Bands 33 and 35, we will not get science data when OBC-
BB temperature above about 300 K

Specified and Measured T_sat;  FMT FI1T3CLPOTMT

500 n ' | T ' I I . )

: Symbaol {ﬂ:}: Measured T_sat for Thermal Bands :

=00 — =

I m i

4R Band 31 and 32 Tsat =

s i reset to about 340 K i
e — =
T a0 e B
5 = Y s _
] i i
350 —
e 2]

300 - W g
25':' i 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | ]

20 20 Al a9

Band + Channel [ Number ]




OBC Blackbody Emissivity

MODIS PFM Pre-launch OBC BB Emissivity
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MODIS PFM On-orbit TEB System Response(b1) Diffierence

(Itwk/Vdet = 110/226,T_BB = 290 k, Mirror side 1)
(Normalized to Day 059.1820)

1.05 T
B »
1.04 1
- : #059.1820
1.03 B 069.1220
: | " o 076.1625
1.02 4 - 083.1320
r b ¥ 092.1200
1.01 + . = i & 0991200
1 ¥ +107.1000
- -"ﬁuf:::_' A N A o -112.1200
X —— - 121.1200
0.99 | M—'—"u 128.1200
B ta 135.0830
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B ]
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20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Band+Detector(in Productor order)



lemperatures, K
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TERRA MODIS PFM CFPA Anomaly Chart 1
Long Term Daily Avg Plot
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MODIS PFM On-orbit Focal Plane Temperature (SMIR)

| 0 bl B b B
y mu% JiERy
TR R
TR
Y r 11 ¥ % ¥ ‘JV%J\]

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
DDDDDDDDDDDDDDDDDDDDDDDDDDDDD
GGGGGGGGGGGGGGGGGGGG

'




0.04
0.03
0.02
0.01
0
-0.01
-0.02
-0.03
-0.04

MODIS PFM On-Orbit Averaged Focal Plane Temperature Difference

(T_fpa@msl - T_fpa@ms2, SMIR - Blue, LWIR - Red)
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MODIS PP On—orbit BB Warm—up TEB b1 wa T_gg (M1)
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